We developed a staining protocol for demonstration of androgen receptor (AR) in formalin-fmed, paraffiin-embedded tissue sections. The method is based on the antigen retrieval microwave (MW) heating technique. Results are compared with Werent types of enzyme digestion pre-treatments. The strongest immunostaining signal and dearest background were obtained by MW heating of dewaxed paraffii sections in 5% urea or citrate buffer solution (pH 6); pure distilled water gave less consistent results. Enzymatic digestion with pepsin (0.05% in 2 N HCl) for 30 min at room temperature, or trypsin followed by pronase, or pronase digestion alone, also produced enhanced staining of AR in some cases, but there was more nonspecific background, and specific
Introduction
The emphasis in diagnostic immunohistochemistry has shifted in recent years from determination of the cell derivation of malignant tissues towards identfying prognostic markers of possible value in selection of therapy (1-3). The demonstration of estrogen and progesterone receptors was an early example of employment of immunohistochemical prognostic markers in surgical pathology. The method was initially applied to frozen sections but has now found widespread use in formalin paraffin sections, and has proven to be a powerful predictor of response to hormonal manipulation therapy of breast cancer (4-6). Prostate cancer is the most common malignant tumor and the second leading cause of cancer deaths in men (7) . However, although there has been abundant research concerning androgen receptor (AR) and its potential relationship reactivity was less intense. The antigen retrieval MW method can be used to demonstrate AR epitope in prostate tissue after fmtion in formalin for as long as 7 days. AR immunolocalization was also compared in frozen and paraffin sections processed from the same specimen of prostate carcinoma tissue and was found to be qualitatively and quantitatively similar. This study also provided new information concerning the basic principles of the antigen retrieval MW method that may be helpful in further development of this technique. (J Hisrochem Cytochem 41:1599-1604, 1993) KEY WORDS: Immunohistochemistry; Antigen retrieval technique; Androgen receptor; Enzyme digestion.
to benign prostatic hyperplasia (BPH) or adenocarcinoma (8-12), the relationship of AR status to tumor grading and prognosis remains controversial. One of the reasons may be lack of a standardized immunohistochemical method applicable to routinely processed tissues. As with breast cancer, all of the initially published data concerning immunostaining of AR in prostate cancer were based on frozen sections (8-12), and at present there have been no published studies using routinely processed paraffin-embedded sections for AR immunohistochemistry. Therefore, although the influence of anti-androgen therapy for prostate cancer has been correlated with histopathological findings in frozen sections (13, 14), validation of these findings awaits more extensive studies of larger numbers of patients with known therapy and documented clinical outcome. The availability of a simple immunohistochemical staining protocol for the demonstration of AR in formalin-fixed sections of prostate tissues would permit retrospective studies of prostate cancer and would provide the surest method of clarfying a potential relationship between AR and the response to hormonal manipulation, analogous to the predictive value of estrogen and progesterone immunohistochemistry in relation to hormonal therapy of breast carcinoma. By using an "antigen retried" micrawave (Mw) technique, posi-tive nuclear immunostaining for AR can be achieved in a regular and reproducible manner in dewaxed formalin paraffin sections of prostate. The procedure, including the use of 5 96 urea or citric acid buffer solutions, is described in detail, with qualitative and quantitative comparison of findings in matched frozen tissues.
Materials and Methods

Tissues
Human prostate tissues were immediately processed after surgical removal to obtain frozen tissue sections or paraffin-embedded sections.
Frozen Sections
Fresh tissues from prostate carcinoma were immediately embedded in OCT compound (Miles Laboratories; Elkhart, IN) and stored at -70°C. Frozen sections 5-7 l m were cut with a cryostat and were mounted on poly-L-lysinecoated slides. Before staining, frozen sections were left at room temperature (RT) for 10 min. then fixed briefly in 2% paraformaldehyde +15% saturated aqueous picric acid solution for 10 min. followed by a PBS rinse and the immunostaining procedure. Of the 10 cases examined as fresh frozen specimens, pieces of fresh tissue from seven were immediately fixed in 10% neutral buffered formalin for paraffin-embedding section as described below.
Paraflinembedded Sections
Tissue from three new cases and frozen tissue from seven of the cases studied by frozen section were immediately fixed in 10% neutral buffered formalin for two different fixation times: 24 hr and 7 days. The fixed tissues were routinely processed and embedded in paraffin blocks. Five-lm sections were cut, mounted on poly-L-lysine-coated slides, and heated in an oven at 60°C for 1 hr to promote adherence to the slide. In addition, multitissue paraffin blocks of tumors, including 48 different malignancies, were also used to demonstrate the specificity of AR immunohistochemistry in this study.
Comparative Studies Between Frozen and Paraflin Sections
Fresh specimens were cut into two parts as noted above. One piece was immediately fixed in formalin for paraffin embedding and another piece was immediately frozen in OCT compound and sectioned on a cryostat. The AR immunostain was compared for numbers of positive cells and intensity 
Antibodies
Monoclonal antibody against AR, clone F39.4.1 (Monosan; Uden, Netherlands) was used at 1:lO dilution. Two detection systems were used, the super sensitive biotin-sueptavidin kit (SSB-SA) (BioGenex; San Ramon, CA) or the ABC (avidin-biotin conjugate) kit (Vector; Burlingame, CA). Subsequently the method was also adapted to an automated immunostainer (Techmate 1000) (Biotek Solutions; Santa Barbara, CA) using reagents available for the demonstration of estrogen receptor on this instrument.
Protocols for Pre-treatment Before Immunostuining Procedure
After deparaffinization and rehydration, some form of pre-treatment procedure must be performed before immunostaining to obtain positive staining. Three different pre-treatment regimens were compared.
Antigen Retrieval MW Heating Technique. A protocol described previously was adopted (15) . Briefly, the slides were uansferred to a plastic Coplin jar containing distilled water or solutions of either (a) saturated lead thiocyanate solution diluted at 1:4, (b) citrate buffer (pH 6, molarity 0.1 M) or (c) 5% urea. The slides were then heated within the Coplin jar in an MW oven for 5 + 5 min (Emerson model MT 3410TG, operating at a frequency of 2450 mHz with the highest power setting 600 W) as previously described (15). If necessary, more distilled water or solution was added after the first 5 min to avoid drying the tissue sections. Because the number of Coplin jars heated in the MW oven could influence the temperature, two jars were always used and were carefully placed in the center of the turntable. After heating, slides remained in the Coplin jars for 15 min. followed by a wash and the immunostaining procedure.
Enzyme Digestion. Five different enzymes were used in this study (Table l). A water bath (VWR Scientific, Univar) was used to maintain the temperature at 37'C for enzyme digestion. In addition to single enzyme digestion protocols listed in Table 1 , a sequential combination of trypsin and pronase E digestion was also tested for 5 min each, with a PBS wash in between the two enzyme treatments. Acid Treatment. As described previously (16) , the paraffin slides were treated with 2 N HCI for 20 min at 37% or 30 min at RT, followed by PBS wash and immunostaining.
Immunohistochemical Staining Method
Two detection systems, the ABC and SSB-SA, were used in this study. For the SSB-SA system, both horseradish peroxidase (HRF')and alkaline phosphatase (AP)-conjugated labels from BioGenex were used. Diaminobenzidine (DAB) and fast red were used as chromogens for HRP and AP, respectively. Immunostaining was performed at RT as previously described (15J7). Bridly, after pre-treatment of the slides mentioned above, a normal serum incubation of 20 min was used to reduce nonspecific background staining, followed by primary antibody to AR diluted 1:10 for overnight incubation at 4°C; incubations with the linking antibody (biotinylated anti-mouse serum from either ABC or SSB-SA kit), and then the labeled moiety (either ABC-or enzyme-conjugated streptavidin from the SSB-SA system), each for 30 min, followed. A 10-min rinse of the slides with PBS was carried out between each of the three incubations. Then a suitable chromogen, DAB or fast red, was applied and incubated for 10 min (DAB) or 45 min (fast red) as previously described (15J7). Sections were counterstained with hematoxylin and mounted for examination. The dilution of 1:lO for anti-AR antibody was predetermined by optimal dilution titration in frozen and paraffin sections.
Evaluation of Immunohistochemical Staining Results
Only 
Results
All 10 cases of frozen prostate tissue sections showed positive nuclear immunostaining of AR. In normal prostate, AR-positive nuclei were localized predominantly in acinar epithelial cells (Figure 1 ). Nuclear positivity also was observed in stromal mesenchyme cells throughout the prostate. Prostate cancer cells were also stained positively with a heterogenous or a focally positive staining pattem.
The results of staining of formalin-fixed paraffin sections of prostate after antigen retrieval MW heating method or enzyme digestion pre-treatment are summarized and compared in Eble 2. Optimal results were obtained by MW heating of the sections in 5 % urea or citric acid buffer solution for 5 + 5 min as previously described for the antigen retrieval heating method (15); positive nuclear staining was intense and the background clean ( Figure 2 ). Slides stained by MW heating in lead thiocyanate solution showed less intensity and more background. Among the enzyme digestion methods used in this study, weak positive staining of AR was obtained with pepsin digestion at RT for 30 min, sequential exposure to trypsin and pronase E digestion for 5 min each at 37"C, and pronase E digestion for 5 min at 37'C alone. Again, background staining was more evident than in the slides subjected to "antigen retrieval'' with citrate buffer. The intensity of AR stain in tissues over-fixed in formalin for 7 days was similar to that obtained after 24-hr-formalin fixation (Figure 3 ). Negative controls for the slides after antigen retrieval heating or enzyme digestion were incubated with either normal mouse serum or PBS, showing absence of nuclear staining. Staining of multitissue blocks representing 48 different malignancies using the Techmate 1000 automated immunostainer with the above protocol showed positive nuclear reactivity in cases of prostate carcinoma (Figure 4 ). Other tumor types (e.g., carcinomas of breast, colon, lung, and stomach) showed no positivity.
The pattem of AR immunolocalization was quantitatively and qualitatively similar in frozen and p d i sections (compare Figures  1 and 2) in most cases. In a minority of cases p d i sections showed some loss of intensity of reaction, but the numbers of positive cells were unchanged and the results were easily interpreted.
Discussion
The immunolocalization of AR in paraffin sections after "antigen retrieval" techniques was compared with that of frozen sections (Figures 1 and 2) and was also correlated with previously published results on AR immunolocalization in frozen tissues (8-12). Although the immunostaining intensity of some archival formalin-fixed paraffin sections of prostate carcinoma showed weaker staining than that of frozen sections, qualitative results were similar and adjustments to the technique (e.g., ovemight incubation with the primary antibody) yielded excellent results, with high-intensity staining and absence of background. Considering the fact that AR is not stable (8) (9) (10) (11) (12) . fmtion, processing, and embedding procedures might be expected to significantly reduce its immunoreactivity, which is confirmed by the total lack of immunoreactivity observed with an identical immunostaining protocol in the absence of prior treatment to enhance antigenicity (Eble 2). Similarly, it is also not possible to reliably demonstrate estrogen or progesterone receptor in formalin paraffin sections in the absence of some form of pretreatment; both the 5 % urea and citrate buffer antigen retrieval methods described here also gave excellent results for estrogen and progesterone receptors in formalin paraffin sections (18) .
Although frozen sections are often regarded as the standard, antigen loss may occur as a result of damage to the nuclear membrane by the freeze-thawing process intrinsic to the preparation of cryostat sections (19) . The exact reasons for differences in staining between some archival paraffin sections and others are not clear but may reflect differences in time of exposure to fixative or the composition of the fiitive itself. Such elements as delayed fixation of the tissue, fixatives other than formalin, and duration of exposure to alcohol and xylene or other clearing agents also may significantly reduce the immunoreactivity of AR. From this initial study, prompt formalin fixation is a satisfactory way of maintaining nuclear immunoreactivity for L@ in prostate tissue when coupled with antigen retrieval in 5 % urea or citrate buffer as described. Studies of reactivity in archival tissues from multiple sources received by the USC Consultation Service indicate that the method works well in routine practice; some variability in intensity is encountered but the results appear qualitatively similar and do not preclude interpretation. A large study of such archival tissue is under way to explore the relationship between AR expression, as assessed by this technique, and prognosis. Enzyme digestion used as a pre-treatment may also facilitate nuclear immunostaining for AR. However, in this study the nonspecific background was much stronger and the positive nuclear reactivity weaker than those obtained by antigen retrieval techniqua.
Although there is some difference between different solutions used for antigen retrieval (Table 2) , the intensity of immunostaining was acceptable for all of them, particularly for 5% urea solution and citric acid buffer, and only slightly less intensity was obtained with distilled water. This demonstrates again that antigen Figure 2 . Formalin-fixed (24 hr) paraffin section of prostate stained for AR as in Figure   1 , except that before staining the slide was exposed to MW irradiation for 5 + 5 min in citrate buffer (antigen retrieval process). Bar = 25 pm. retrieval is based primarily on high-temperature heating of the tissue section, possibly breaking the cross-linkages caused by formalin fixation (20) . The different retrieval solutions may provide environments that favor various groups of antigens. For example, lead thiocyanate solution described in our earlier antigen retrieval studies yields improved immunoreactivity for antibodies against many different cell antigens (15, 20) but is less effective for nuclear antigens (18), as was also observed in the present study of AR. In addition to high temperature as a basic factor in the antigen retrieval technique, the antigen retrieval solution may provide additional co-factors that support the stability or "unmasking" of certain antigens. However, it is not possible to use the solutions alone (i.e., in the absence of microwaving) to retrieve masked antigens. In this context, that one other antigen retrieval solution, so called "target unmasking fluid (TLJF)," available as a commercial reagent (21) , may function in a similar manner.
Table 2. Resalts of staining for androgen receptor in f o d i n parafin sections with antigen retrieval and enzyme digestion@
With nuclear antigens other than AR, other variations can be tried (18) . Indeed, for some antigens, such as p53, a special solution is not necessary to obtain positive immunostaining. Distilled water performs quite well, as noted here for AR, although not as consistently when a variety of archival tissues are studied. In addition, as another variation, good immunostaining can be achieved for p53 or progesterone receptor by modifying the heating time to as little as 3 min in the MW oven instead of the standard heating time of 10 min, or simply placing the slide for 3 min in heated solution after its removal from the MW has a similar effect (18) .
Clearly, the antigen retrieval technique is still evolving. There may be several approaches to obtaining enhanced immunostaining. With our present rudimentary knowledge the preferred approach varies for different antigens and different antibodies, for different durations of fixation, and possibly for different fixatives. All of this is not as complicated as it may seem, at least in practice. Both citrate buffer (pH 6) (18) and 5% urea substantially enhance the ability to stain for many antigens in routine formalin paraffin sections. For example, 5% urea in distilled water facilitates retrieval of many nuclear antigens and a variety of cytoplasmic antigens, including intermediate filaments, possibly due to a stabilizing effect. In tissues over-fixed in formalin, 5% urea solution preserves antigenicity of keratin during a 20-min MW heating process that otherwise might destroy the epitope of keratin detected by antibody AE1 (unpublished data). It is also noteworthy that in addition to citrate buffer, other low-pH buffers improve many nuclear antigens, the extent of recovery being dependent on the buffer employed, the pH, and the antigen in question (Dr. A. Imam, USC, personal communication). Considering the fact that lead is a toxic chemical reagent, it is sensible to replace it by other reagents, such as 5 % urea or citrate buffer, when possible.
The principles are beginning to be understood but deserve further exploration. New antigen retrieval solutions may have three potential functions: secondary fixation after "unfixation" in the microwave, as with metal solutions; stabilization of antigens in the heating and staining phases; and co-factors in recovering antigenicity. Sequential combinations of heating and other retrieval methods may produce benefits, such as combined use of an MW method followed by NaOH-methanol solution treatment (unpublished data) or combinations with other physically different approaches such as enzyme digestion and acid and W i n e treatments.
The original antigen retried method is already in widespread use and is of practical value in organic chemical research into the formalin-fixed tissue section. Interestingly, some of the pertinent research data were documented a halfcentury ago (22, 23) , reminding us perhaps of Marie Antoinette, "There is nothing new, except what has been forgotten," although it is reported that she was concerned with the more pressing issue of hats.
